This chapter compiles the information available to date regarding virus affecting different species of cephalopods. A clear evidence of a virus-related disease on cephalopods was not stablished yet. However, the first description of a virus-like in Octopus vulgaris was observed in nodular tumors that finally caused the death of the animal. It is noteworthy that not too much effort has been focused on this area to date. However, the incidence of viruses in cephalopods might be further investigated since the attention on these species as an alternative to the aquaculture sector is increasing rapidly over last years and huge efforts are being made to stablish new cultures.
Introduction
Virus-like descriptions on cephalopods are rather scarce and quite spread over time. However, the incidence of viral diseases on bivalve and gastropod mollusks has been extensively studied (Arzul et al. 2017 ). Since first descriptions in 1971 in Octopus vulgaris and Sepia officinalis, only three more observations were reported in cephalopods in more species of the genus Octopus and Nautilus and in the squid Loligo pealei (Table 7 .1).
Family classification was initially made based on similarities to viral mammalian diseases caused by virus (Farley 1978) . In more recent studies, molecular diagnosis was applied to amplify genomic material and search for homology in public databases. However, it is important to remark that classification made on this chapter is based only on the information available to date which in most cases were made based on morphology observed under transmission electron microphotographs. Further analysis would be necessary to deepen on the effect caused by virus on these animals, especially considering the increasing interest on these animals as an alternative product to satisfy the global demand on the aquaculture sector. However, advances in this scope become a big challenge to the scientific community in part due to the difficulty to obtain specific cell lines and culture systems.
Iridoviridae
First observation of virus-like particles affecting a cephalopod was made in 1971 in O. vulgaris (Rungger et al. 1971) . Nodular tumors on tentacles of 1 mm diameter were observed at early stages. However, these tumors can develop and grow up to 5-10 mm and be extended to the ventral surface and also the siphon. The progress of the infection leads to self-mutilation of affected areas, and death occurred after 3-5 months in captivity. Electron micrographs of tumor tissues at early stage showed organized virus-like particles that appeared in groups of 300 particles with hexagonal and electrodense internal cores and 120 nm diameter. It was also observed an envelope surrounding these particles in disaggregated tissues. Mortality was M. Prado-Álvarez (&) Á P. García-Fernández Aquatic Molecular Pathobiology Group, Institute of Marine Research, Spanish National Research Council (CSIC), 36208 Vigo, Pontevedra, Spain e-mail: mprado@iim.csic.es P. García-Fernández e-mail: pablo.garcia@iim.csic.es described to be due to starvation, self-mutilation, or the presumed viral infection associated with these tumors. In 1978, Farley classified this virus particle as Iridoviridae (Farley 1978) . The family Iridoviridae comprises icosahedral double-stranded DNA viruses and mainly affects ectothermic vertebrates, insects, and crustaceans (Chinchar et al. 2017) .
Morphology similar to an Iridovirus was found in renal tubular epithelial cells of Nautilus spp. (Gregory et al. 2006 ). Viral particles were enveloped and measured 176 nm in diameter. Moreover, this was the first characterization that included molecular identification and sequencing to confirm the similarity to an amphibian Iridovirus. Devauchelle and Vago (1971) reported a no-pathogenic incidence of a virus in the European cuttlefish, Sepia officinalis. These non-enveloped particles were observed on epithelial cells on the stomach and were 75 nm in diameter. Initial studies suggested that these particles could correspond to the family Reoviridae. Reoviridae are viruses with icosahedral symmetry and double-stranded RNA. However, they could be spherical and infect a wide number of hosts including vertebrates, invertebrates, plants, protists, and fungi (Lefkowitz et al. 2018 ).
Reoviridae

Nodaviridae
Finally, a betanodavirus (family Nodaviridae) was described affecting O. vulgaris (Fichi et al. 2015) particularly in white lesions observed in the skin, and also in eye and branchial heart tissues. Molecular detection by PCR and quantitative PCR confirmed the incidence of betanodavirus. However, one animal showing similar symptom seemed to be affected by a nodavirus-like particle. Virions belonging to this family are non-enveloped, 30 nm in diameter, and single-stranded RNA (Artimo et al. 2012) .
Unclassified Viruses
Hanlon and Forsythe revised in 1990 the descriptions of virus-like particles in cephalopods made to date (Hanlon and Forsythe 1990) . Apart from the two descriptions detailed above, two more annotations were made based on personal communications to the authors. One was in the squid Loligo pealei on which cytoplasmic inclusions were found in the digestive gland and the other on different species of octopus in New Zealand and the east and west coasts of USA.
More recently, an interspecific study of the incidence of the ostreid herpesvirus demonstrated that the virus was widely spread in oyster-culturing areas. This virus belongs to the family Malacoherpesviridae and caused massive mortalities in spat and juvenile oysters (Prado-Álvarez et al. 2016) . This family comprised of enveloped double-stranded DNA viruses, 150-200 nm in diameter, and affects to mollusks (Davison et al. 2009 ). A collection of samples of O. vulgaris including paralarvae at different stages and adult animals were analyzed by molecular techniques. Homology searches on positive results showed the highest similarity to the ostreid herpesvirus-1 µVar (unpublished data). Moreover, ostreid herpesvirus-specific probes for in situ hybridization were positively labeled on epithelial cells of the gills (Fig. 7.1 ). Further analysis should be carried out to decipher if this virus could be the causative agent of any pathology in these animals.
Concluding Remarks
Several virus and virus-like particles were described on cephalopods. However, a clear incidence associated with a virus-related disease was not well described to date. It deserves to be further investigated as cephalopods could be considered as an alternative to be aquacultured and satisfy the global demand.
